The origin-of-transfer region of ColIb-P9 was inserted into a A prophage to give a bacterial chromosome mobilizable by the parental conjugative plasmid. The polarity of mobilization of chromosomal genes indicated that ColIb-P9 transfer is unidirectional, such that the transfer genes adjacent to oriT enter the recipient cell last.
Conjugative transfer of a plasmid is initiated at a specific cis-acting site called the origin of transfer (oriT) . When cloned in a nontransmissible vector, an oriT site allows mobilization of the recombinant DNA as an independent unit, provided that the donor cell harbors a related conjugative plasmid. The latter determines the necessary cell-to-cell interactions and the trans-acting proteins for processing of DNA during conjugation (10) .
The I1 incompatibility (Inc) group of plasmids includes ColIb-P9 and R64. During conjugation mediated by these plasmids, a specific strand of DNA is transferred to the recipient cell from the oriT site that is located at one end of the transfer region (7, 9; Fig. 1 ). As judged by the organization of the tra genes and their specificity and function, the Incll conjugation system is quite distinct from other characterized conjugative systems, such as those specified by representative IncF, IncN, and IncP plasmids (7) . Here we report the direction of transfer of ColIb, as revealed by polar mobilization of bacterial genes from the oriT site inserted in a X prophage, and compare it with that established for other conjugative plasmids.
Previous mobilization tests with cloned ColIb DNA showed that oriT is present on a 1.55-kilobase (kb) PstI fragment contained within the largest EcoRI fragment of the plasmid ( Fig. 1; 7) . The PstI fragment has single ClaI and BglII restriction sites, allowing its orientation to be established. This oriT fragment was inserted into the bacterial DNA by the method of Boyd and Sherratt (3) to construct a mobilizable chromosome.
The first step involved ligation of the fragment into the unique PstI site located in the lacZ'-polylinker of the X dv vector pCB104 (Fig. 2 ). Recombinants were identified by loss of ot complementation, and the orientation of the ColIb fragment in one recombinant, pLG253, is shown in Fig. 2 . Next, this A dv oriT plasmid was recombined into the temperature-inducible A insertion vector WJB360 (3) by transforming the appropriate lysogen and selecting for the Cmr phenotype specified by pLG253 (Fig. 2) . Thermally induced transducing phages were then used to make a Cmr lysogen of strain C600, designated BW105 and deemed to carry the oriT fragment within the WJB360 prophage inserted at min 17.5 (attX) in the bacterial chromosome. A C600 lysogen carrying a XWJB360 fl pCB104 prophage was constructed likewise to serve as an oriT-negative control strain (BW106).
A complementary strain containing the PstI oriT fragment of ColIb in the opposite orientation in the bacterial chromo-* Corresponding author. some was constructed. This was achieved by ligating the small EcoRI-HindIII fragment from pLG253 into the polylinker of pCB105, which is identical to pCB104 except that the HaeII fragment carrying lacZ' and the polylinker is reversed (Fig. 2 ). The resulting recombinant was designated pLG254. By using the strategy described above, pLG254 and the pCB105 vector were inserted into the chromosome of C600, giving BW107 and BW108, respectively. A Collbdrd-l conjugative plasmid specifying tetracycline resistance (pLG273) was then introduced into the four strains to give donors that were mated with a streptomycin-resistant (Strr) recipient strain, BW39(A+), carrying mutations in gal (min 17) and trp (min 28). Filter matings were performed as described previously (7) We thank Chris Boyd for the gift of vector plasmids pCB104 and pCB105, and Cath Rees for her collaborative contributions. C.J.H. was funded by an SERC-CASE studentship in collaboration with Peter Barth of ICI Pharmaceuticals Division. This work was supported by MRC Grant G8602116CB.
